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Abstract  Weaning  is  the  process  of  withdrawing  mechanical  ventilation  which  starts  with  the
ﬁrst spontaneous  breathing  trial  (SBT).  Based  on  the  degree  of  difﬁculty  and  duration,  weaning
is classiﬁed  as  simple,  difﬁcult  and  prolonged.  Prolonged  weaning,  which  includes  patients  who
fail 3  SBTs  or  are  still  on  mechanical  ventilation  7  days  after  the  ﬁrst  SBT,  affects  a  relatively
small fraction  of  mechanically  ventilated  ICU  patients  but  these,  however,  requires  dispropor-
tionate resources.  There  are  several  potential  causes  which  can  lead  to  prolonged  weaning.  It
is nonetheless  important  to  understand  the  problem  from  the  point  of  view  of  each  individual
patient in  order  to  adopt  appropriate  treatment  and  deﬁne  precise  prognosis.  An  otherwise
stable patient  who  remains  on  mechanical  ventilation  will  be  considered  for  transfer  to  a  spe-
cialized weaning  unit  (SWU).  Though  there  is  not  a  precise  deﬁnition,  SWU  can  be  considered
as highly  specialized  and  protected  environments  for  patients  requiring  mechanical  ventilation
despite resolution  of  the  acute  disorder.  Proper  stafﬁng,  well  deﬁned  short-term  and  long-
term goals,  attention  to  psychological  and  social  problems  represent  key  determinants  of  SWU
success. Some  patients  cannot  be  weaned,  either  partly  or  entirely,  and  may  require  long-
term home  mechanical  ventilation.  In  these  cases  the  logistics  relating  to  caregivers  and  the
equipment  must  be  carefully  considered  and  addressed.
© 2014  Sociedade  Portuguesa  de  Pneumologia.  Published  by  Elsevier  España,  S.L.U.  All  rights
reserved.
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PALAVRAS-CHAVE
Ventilac¸ão  Mecânica;
Desmame;
Unidade
Especializada  em
Desmame  (SWU)
Desmame  prolongado:  da  unidade  de  cuidados  intensivos  para  o  domicílio
Resumo  O  desmame  ventilatório  é  o  processo  de  retirar  a  ventilac¸ão  mecânica,  que  se  inicia
com o  primeiro  teste  de  respirac¸ão  espontânea  (SBT).  Baseado  no  grau  de  diﬁculdade  e  durac¸ão,
o desmame  é  classiﬁcado  como  simples,  difícil  ou  prolongado.  O  desmame  prolongado,  que
inclui doentes  que  falharam  3  SBTs  ou  que  ainda  estão  sob  ventilac¸ão  mecânica,  7  dias  após  o
primeiro SBT,  afecta  um  fracc¸ão  relativamente  pequena  dos  doentes  sob  ventilac¸ão  mecânica
na UCI  mas  estes,  no  entanto,  precisam  de  recursos  desproporcionados.  Existem  diversas  causas
potenciais  que  podem  levar  ao  desmame  prolongado.  No  entanto  é  importante  compreender
o problema  do  ponto  de  vista  individual  de  cada  doente,  de  forma  a  adoptar  o  tratamento
adequado  e  deﬁnir  um  prognóstico  preciso.  Um  doente  de  outra  forma  estável,  que  continue  em
ventilac¸ão mecânica,  será  considerado  para  transferência  para  uma  unidade  especializada  em
desmame (SWU).  Apesar  de  não  existir  uma  deﬁnic¸ão  precisa,  a  SWU  pode  ser  considerada  como
um ambiente  altamente  especializado  e  protegido  para  doentes  que  necessitam  de  ventilac¸ão
mecânica  apesar  da  resoluc¸ão  da  doenc¸a  aguda.  Recursos  apropriados,  objectivos  bem  deﬁnidos
a curto  e  longo  prazo,  atenc¸ão  aos  problemas  psicológicos  e  sociais  são  os  principais  factores
determinantes  do  sucesso  de  uma  SWU.  Não  é  possível  obter  o  desmame  ventilatório  em  alguns
doentes„ seja  parcial  ou  totalmente,  podendo  estes  necessitar  de  ventilac¸ão  de  longo  prazo,  no
domicílio. Nestes  casos,  a  logística  relacionada  com  os  prestadores  de  cuidados  e  o  equipamento
deve ser  cuidadosamente  considerada  e  satisfeita.
© 2014  Sociedade  Portuguesa  de  Pneumologia.  Publicado  por  Elsevier  España,  S.L.U.  Todos  os
direitos reservados.
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Generally  speaking,  weaning  is  the  process  of  withdrawing
ventilator  support.  Some  use  the  term  to  intend  a  gradual
reduction  of  ventilator  assistance,  while  others  believe  that
weaning  covers  the  entire  process  of  liberating  the  patient
from  both  ventilator  and  endotracheal  tube.  A  uniform  and
broadly  accepted  deﬁnition  of  the  term  weaning  is  cru-
cial  to  avoid  confusion  and  is  an  essential  prerequisite  for
interpreting  the  results  of  the  studies,  and  guiding  clinical
decisions,  including  site  of  care  and  management  of  difﬁcult
patients.1
It  is  commonly  accepted  that  weaning  starts  with  the  ﬁrst
spontaneous  breathing  trial  (SBT),  during  which  the  patient
is  allowed  to  breath  for  a  relatively  brief  period  of  time
(30--120  min)  through  a  T-tube,  or  with  low  levels  of  either
CPAP  (2--5  cmH2O)  or  pressure  support  (≤8  cmH2O).  When
the  SBT  is  successful,  the  patient  is  considered  weaned  and
ready  to  be  extubated  provided  that  the  natural  airway  is
not  at  risk  of  obstruction.2 A  recently  proposed  and  largely
accepted  classiﬁcation  based  on  difﬁculty  and  duration  of
the  weaning  process  includes:  (1)  simple  weaning,  i.e.,  the
patients  passes  the  initial  SBT  and  is  successfully  extubated
at  the  ﬁrst  attempt;  (2)  difﬁcult  weaning,  i.e.,  up  to  three
SBT  or  7  days  from  the  ﬁrst  SBT  are  necessary  to  withdraw
mechanical  ventilation  and  extubate  the  patient;  (3)  pro-
longed  weaning,  i.e.,  more  than  three  SBTs  or  7  days  from
the  ﬁrst  SBT  are  required.2
Because  the  process  of  weaning  implies  two  separate,
though  closely  related,  aspects,  the  withdrawal  of  ventilator
assistance  and  extubation,  its  complete  success  is  achieved
when  the  patient  is  able  to  maintain  spontaneous  unassisted
breathing  after  extubation.  Weaning  failure  may  occur  when
the  patient  fails  to  breathe  soon  after  withdrawal  of  the
A
i
oentilator  support,  as  deﬁned  by  the  incapacity  to  success-
ully  pass  the  SBT.  Rates  of  weaning  failure  after  a  single
BT  of  between  26  and  42%  have  been  reported  by  differ-
nt  studies.2 Weaning  failure,  however,  is  also  the  need  for
e-intubation,  conventionally  within  48--72  h  after  extuba-
ion,  so-called  extubation  failure.3,4 Extubation  failure  can
e  the  consequence  of  the  inability,  after  removal  of  the
ndotracheal  tube,  either  to  sustain  spontaneous  unassisted
reathing  over  time,  or  to  maintain  a patent  upper  airway
r  to  clear  tracheobronchial  secretions.
There  are  situations,  however,  in  which  weaning  can  only
e  partially  accomplished  and  it  remains  work  in  progress.2
n  the  one  hand,  mechanical  ventilation  can  be  applied
hrough  a  noninvasive  interface,  commonly  a  mask  cover-
ng  nose  and  mouth,  referred  to  as  noninvasive  ventilation,
hich  allows  extubation  while  continuing  to  provide  venti-
ator  assistance.2 On  the  other  hand,  though  successfully
isconnected  from  the  ventilator,  a  patient  may  still  be
nable  to  get  the  artiﬁcial  airway  removed  because  of  inabil-
ty  to  clear  secretions  or  maintain  patent  the  upper  airway.2
he  rates  of  mechanical  ventilated  patients  undergoing  a
racheotomy  vary  among  studies  and  may  reach  values  as
igh  as  25%.5--7
Finally,  we  lack  a  clear  deﬁnition  of  the  ventilator-
ependent  patient.  The  ninth  revision  of  the  International
lassiﬁcation  of  Diseases  deﬁnes  long-term  ventilated
atients  as  those  who  have  received  ﬁve  or  more  days  of
entilation.  Some  studies  use  a  time  limit  as  short  as  48  h,
hile  others  as  long  as  40  days.8 A  limit  of  two  weeks
as  been  adopted  by  most  authors  to  deﬁne  the  threshold
or  ventilator  dependency  and  the  Health  Care  Financing
dministration  has  expanded  this  limit  to  21  days  of  mechan-
cal  ventilation  for  at  least  6  h  a  day.8 A  deﬁnition  based
nly  on  time,  however,  has  limitations  because  it  does  not
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onsider  type  and  characteristics  of  the  underlying  disease,
omorbidities,  reversal  of  the  cause  responsible  for  acute
espiratory  failure,  and  the  overall  prognosis,  which,  for  ins-
ance,  makes  the  deﬁnition  of  patients  who  are  indicated  for
ransfer  from  the  Intensive  Care  Unit  (ICU)  to  a  specialized
eaning  unit  problematic.
pidemiology and outcome of weaning in ICU
hile  for  about  70%  of  patients,  the  weaning  process  is  sim-
le  and  successful,  for  the  remaining  30%  the  initial  attempt
ails,  making  the  weaning  difﬁcult  and  worsening  the  prog-
osis,  ICU  mortality  being  reported  as  high  as  25  percent;  of
hese  patients,  about  half  progress  to  prolonged  weaning.4,9
wo  studies  report  that  up  to  20%  of  medical  ICU  patients
emain  dependent  on  ventilator  after  21  days.4,9
The  longer  the  duration  of  mechanical  ventilation,  the
igher  the  mortality  rate;  this  depends,  at  least  in  part,  on
he  complications  and  side  effects  of  this  procedure  such
s  the  so-called  ventilator-associated  pneumonia.7 If  on  the
ne  hand  speeding  up  the  process  of  weaning  may  be  of
eneﬁt,  on  the  other  hand,  however,  it  may  lead  to  undue
nticipation  of  extubation  and  need  for  reintubation,  which
as  been  shown  to  be  associated  with  a  4.5-fold  increased
isk  of  nosocomial  pneumonia.10
The  time  spent  in  the  weaning  process  may  represent  a
ubstantial  fraction  of  the  overall  duration  of  mechanical
entilation  and,  depending  on  the  patient  population,  can
e  as  high  as  50%.2 Patients  with  prolonged  weaning  account
or  6%  of  all  ventilated  patients  but  consume  37%  of  ICU
esources.11
Therefore,  prolonged  weaning  is  not  only  a  medical,  but
lso  a  social  and  economic  problem.  US  costs  for  mechanical
entilation  are  estimated  to  be  27  billion  dollars,  cor-
esponding  to  more  than  10%  of  all  hospital  costs.  Each
ear  about  300,000  people  receive  prolonged  mechanical
entilation  in  ICU  in  the  US,  and  this  number  might  dou-
le  within  a  decade,  with  costs  increasing  up  50  billion
ollars.12
athophysiology of difﬁcult and prolonged
eaning
ny  patient  who  does  not  manage  simple  weaning  should
e  carefully  evaluated  for  potentially  reversible  underly-
ng  disorders.  The  success  of  weaning  depends  primarily  on
he  ability  of  the  respiratory  muscle  pump  to  cope  with
he  load  placed  upon  it.  Although  neuromuscular  capability
an  be  impaired  because  of  pre-existing  neurological  and
euromuscular  underlying  disorders,  more  frequently  it  is
ltered  as  a  consequence  of  Critical  Illness  Neuro-muscular
bnormalities  (CINMA),  which  combine  in  a  single  deﬁnition
ritical  Illness  Polyneuropathy  and  Myopathy.  CINMA  may
ntervene  and  complicate  the  ICU  stay  in  up  to  25%  of  ICU
atients  undergoing  mechanical  ventilation  for  one  week  or
ore.13 CINMA  affects  predominantly  septic  patients  with
ultiple  organ  failure,  although  drugs  such  as  steroids,
minoglycosides,  and  neuromuscular  blocking  agents  may
lso  contribute  to  its  occurrence.  Avoidance  of  hypergly-
aemia  and  early  rehabilitation  have  been  suggested  to
educe  CINMA  severity  and  facilitate  recovery.14 CINMA  may
e
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ause,  in  the  context  of  a  generalized  weakness,  a  critical
eduction  of  the  force-generating  capacity  of  the  respiratory
uscles.
In  humans,  diaphragm  atrophy  and  injury  may  occur
fter  relatively  few  hours.  In  a  group  of  brain-death  donors,
8--69  h  of  mechanical  ventilation  and  complete  diaphragm
nactivity  resulted  in  marked  atrophy  of  the  diaphragm
bers.15 In  addition,  the  force-generating  capacity  of  the
iaphragm  is  reduced  by  one-third  in  ICU  patients  after
 days  of  controlled  mechanical  ventilation.16 Nutritional
tate,  metabolic  and  endocrine  factors  should  be  also  con-
idered  as  potential  causes  of  reduced  force  generation
apacity  of  the  respiratory  muscles.2,17,18
The  inability  of  the  patient  to  generate  a  maximal  inspi-
atory  pressure  of  at  least  20--25  cmH2O  is  considered  a
redictive  index  of  unsuccessful  weaning.19 Higher  values,
owever,  can  also  be  insufﬁcient  when  the  load  imposed  on
he  respiratory  muscles  is  increased.
The  respiratory  load  depends  on  the  elastic  and  resis-
ive  properties  of  the  respiratory  system.  An  additional
hreshold  load  may  substantially  add  to  the  overall  res-
iratory  load  when  there  is  dynamic  hyperinﬂation  which
auses  intrinsic  positive  end-expiratory  pressure  (PEEPi).
he  elastic  load  increases  when  the  compliance  of  the  res-
iratory  system  decreases,  which  may  be  due  to  either  lung
pneumonia,  pulmonary  edema  of  different  etiologies,  or
brosis)  or  chest  wall  (obesity,  pleural  thickening  or  abdom-
nal  distension  of  different  etiologies)  restriction,  or  both.
ny  condition  determining  airway  bronchoconstriction  leads
o  an  increased  resistive  load.  The  additional  resistance
mposed  by  the  endotracheal  tube  also  adds  to  the  resistive
oad,  which  may  be  particularly  relevant  when  the  internal
ize  of  the  tube  is  small  or  reduced  by  concrete  secretions,
requently  as  a  consequence  of  inadequate  air  humidiﬁca-
ion.  In  addition,  patients  who  successfully  passed  the  SBT
ay  develop  post-extubation  respiratory  failure  because
he  resistive  load  increases  as  a  consequence  of  glottis
dema  or  inability  to  effectively  clear  tracheobronchial
ecretions.
The  heart-lung  interaction  may  affect  the  respiratory
oad.  In  fact,  excessive  inspiratory  negative  intrathoracic
ressure  swings  increase  cardiac  preload  and  afterload,
hich  determines  in  turn  lung  congestion  and  edema  of
he  bronchial  wall.20,21 This  may  be  particularly  important
n  patients  with  cardiac  dysfunction,  sometimes  latent  or
nrecognized,  undergoing  a  SBT  that  exposes  them  to  an
ncreased  inspiratory  effort  following  the  interruption  of
echanical  ventilation.
The  load  can  be  further  increased  because  of  inappro-
riate  ventilator  settings,  such  as  inadequate  inspiratory
ow  rate,  excessive  time  lag  between  onset  of  inspiratory
ffort  and  the  onset  of  ventilator  assistance  delivery,  inef-
ective  triggering,  double  triggering,  expiratory  effort  prior
o  switchover  from  mechanical  inﬂation  to  exhalation,  caus-
ng  patient-ventilator  dyssynchrony.22--25
Recent  work  has  shown  that  neuro-psychological  disor-
ers  such  as  delirium,  anxiety  and  depression  may  also
ubstantially  contribute  to  weaning  failure.2,25 Poor  sleep,
xcessive  noise,  lack  of  darkness  during  nighttime,  and  an
verall  unfriendly  environment,  as  the  ICU  is  generally  per-
eived  by  the  patient,  may  substantially  contribute  to  these
euro-psychological  disorders.
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ICU management of prolonged weaning
Because  the  pathophysiology  of  prolonged  weaning  is  com-
plex  and  often  multifactorial,  the  clinical  approach  must
include  either  a  meaningful  evaluation  of  the  speciﬁc  causes
for  that  speciﬁc  patient  and  applying  proper  interventions.
As  a  rule  of  thumb,  considering  that  an  unfavorable  bal-
ance  between  respiratory  muscles  force  and  imposed  load
is  the  chief  cause  of  weaning  failure,  any  treatment  effec-
tive  in  either  reducing  load  and/or  augmenting  muscle  force
is  beneﬁcial.2,26
Reduction  of  the  respiratory  load
To  reduce  an  excessive  elastic  load  secondary  to  a  decreased
lung  compliance,  it  is  crucial  to  consider  any  possible  cause
of  acute  lung  volume  restriction  that  can  be  reverted
by  speciﬁc  therapies,  such  as  diuretics  to  decrease  lung
congestion  in  cardiac  or  renal  failure  and  other  condi-
tions  of  ﬂuid  overload,  antibiotics  to  treat  pneumonia,
chest  physiotherapy  for  treatment  (and  prevention)  of
atelectasis.  Causes  of  abdominal  distensions  determining
chest  wall  restriction  should  be  also  evaluated  and  elimi-
nated  whenever  possible,  for  instance  by  treating  stipsis,
abdominal  gas  distension,  and  large  pleural  effusions  and
ascites.
A  signiﬁcant  reduction  in  airway  resistance  can  be
achieved  by  medical  therapies,  such  as  bronchodilators  to
treat  bronchoconstriction,  steroids  and  antibiotics  to  con-
trol  bronchial  inﬂammation  and  infections,  diuretics  to
contain  bronchial  wall  edema  due  to  lung  congestion.
Chest  physiotherapy  may  also  help  decreasing  the  respi-
ratory  load  by  removing  bronchial  secretions,  which  reduces
airway  resistance27 and  prevents  atelectasis.28,29 Chest  phys-
iotherapy  includes  interventions  such  as  patient  positioning
and  mobilization,  breathing  exercises,  incentive  spirometry,
manual  or  mechanical  insufﬂation,  aimed  at  increasing  lung
volume,  regional  ventilation  and  pulmonary  compliance,
and  maneuvers  aimed  at  reducing  airway  resistance  and
increasing  expiratory  ﬂow  during  forced  expiration  either
with  an  open  (huff)  or  closed  glottis  (cough).  In  spite  of  a
robust  physiological  background,30 however,  the  evidence
supporting  this  form  of  treatment  is  so  far  very  limited;  on
the  one  hand,  trials  evaluating  the  impact  of  chest  physio-
therapy  on  the  outcome  of  lack  of  weaning,  on  the  other
hand  the  contemporary  association  of  different  treatments
makes  a  proper  evaluation  of  the  physiotherapic  techniques
problematic.31
While  tracheal  stenosis,  granuloma  and  tracheomala-
cia  can  complicate  prolonged  endotracheal  intubation  with
a  cuffed  tube,32 some  unrecognized  abnormalities,  glot-
tis  inﬂammation  and  edema  being  the  most  common,
determining  increased  upper-airway  resistance  may  lead
to  extubation  failure,  often  irrespective  of  the  duration
of  intubation.  Some  advise  routine  endoscopic  evaluation
before  decannulation.33 A  more  practical  bedside  procedure
is  the  so-called  ‘‘cuff  leaked  test’’,  which  consists  of  the
evaluation  of  the  amount  of  leaked  volume  during  volume-
targeted  mechanical  ventilation  with  uncuffed  tube.  The
preset  (insufﬂated)  and  the  exhaled  volume  are  measured
and  the  percentage  of  leaked  volume  is  calculated.  Leaks
a
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12%  identiﬁes  patients  at  high  risk  of  developing  post-
xtubation  stridor  and  then  failing  extubation.34
Medical  therapies  aimed  at  reducing  airway  resistance
ay  also  help  to  decrease  PEEPi.  Inappropriate  ventila-
or  settings,  such  as  those  determining  hyperventilation  or
atient-ventilator  dyssinchrony,  may  consistently  add  to  the
ccurrence  and  extent  of  PEEPi  and  must  be,  accordingly
arefully  avoided.23
mprovement  of  neuromuscular  capability
 tight  control  of  sepsis  and  hyperglycaemia,  and  avoid-
nce  of  neuromuscular  blocking  agents,  aminoglycosides
nd  steroids,  may  help  to  decrease  the  risk  of  developing
INMA.35 It  is  important  to  reduce  the  time  spent  on  full
echanical  support  as  much  as  possible,  i.e.,  controlled
echanical  ventilation,  to  avert  the  risk  of  diaphragm  injury
nd  atrophy.16 Considering  and  correcting  poor  nutritional
tatus,  electrolyte  disturbances  and  hormone  deﬁciency
tates,  such  as  hypothyroidism,  which  may  all  play  a  role
n  decreasing  muscle  force.2
Lessening  dynamic  hyperinﬂation  and  PEEPi  in  patients
ith  Chronic  Obstructive  Pulmonary  Disease  (COPD)  also
mproves  diaphragm  force-generating  capacity.  In  fact,
hen  hyperinﬂation  occurs,  diaphragm  myoﬁbers  are  short-
ned  at  end  expiration  and  their  force--length  relationship
s  impaired.36 Unnecessarily  high  levels  of  external  PEEP
nd  ventilator  settings  determining  iatrogenic  hyperinﬂation
hould,  accordingly,  also  be  carefully  avoided.
Early  whole-body  physiotherapy  has  been  shown  effec-
ive  in  improving  ICU  and  hospital  outcomes,  including  the
uration  of  mechanical  ventilation,  primarily  by  averting
he  side  effects  of  prolonged  immobilization.37 Since  inac-
ivity  weakens  the  respiratory  muscles  too,15,38 inspiratory
uscle  training,  as  obtained  by  intermittent  loading  of  the
espiratory  muscles,  has  been  proposed  to  attenuate  respi-
atory  muscle  deconditioning.39,40 A  recent  randomized  trial
omparing  inspiratory  muscle  training  at  moderate  intensity,
.e.,  about  50%  of  the  maximal  inspiratory  pressure  gener-
ted  by  the  patient,  with  Sham  training  in  patients  with
eaning  failure  showed  that  a  signiﬁcantly  higher  propor-
ion  (76%)  of  patients  in  the  treatment  group  was  weaned,
s  opposed  to  those  (35%)  included  in  the  Sham  group.41
hese  ﬁndings  were  subsequently  conﬁrmed  in  a  case-series
f  ventilator-dependent  patients.42 Two  evaluations  of  an
arly  use  of  inspiratory  muscle  training  in  acute  critically
ll  patients  from  the  onset  of  mechanical  ventilation  pro-
uced  contrasting  results.  While  one  randomized  trial  did
ot  report  any  physiologic  or  clinical  beneﬁt  in  a  group  of
atients  undergoing  two  daily  sessions  of  inspiratory  mus-
le  training,  as  opposed  to  controls,43 another  one  reported
eduction  of  the  weaning  time  (3.6  vs.  5.3  days)  in  the  group
f  patients  going  through  twice-daily  5-min  inspiratory  mus-
le  training  sessions  of  moderate  intensity,  compared  to  a
ontrol  group.44 Indeed,  the  rationale  for  inspiratory  mus-
le  training  exists  for  only  a limited  number  of  the  patients
ith  reversible  diaphragm  weakness.  In  addition,  there  is deﬁnite  lack  of  a  standardized  technique  to  re-train  the
espiratory  muscles.  Therefore,  further  studies  are  neces-
ary  before  such  an  approach  can  be  suggested  for  clinical
se.
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Poor  cough  strength  leading  to  ineffective  clearing  of  tra-
heobronchial  secretions  may  cause  extubation  failure  in
atients  who  successfully  completed  a  SBT.  In  patients  with
n  artiﬁcial  airway,  a  peak  expiratory  ﬂow  while  coughing
hrough  the  tube  ≤60  L/min  has  been  shown  to  be  corre-
ated  with  a  ﬁve-fold  increase  in  the  incidence  of  extubation
ailure.45
racheotomy
racheostomy  is  the  most  commonly  performed  procedure  in
he  critically  ill,  approaching  10%  of  all  intubated  patients.46
owever,  a  tracheotomy  rate  as  high  as  25%  was  reported
y  a  1-d  point-prevalence  study  performed  in  412  medical-
urgical  ICUs  from  North  America,  South  America,  Portugal,
nd  Spain.5 The  incidence  of  tracheotomy  varied  with  the
nderlying  disease,  it  was  39%  in  neuromuscular  patients,
8%  in  COPD,  and  20%  in  patients  with  de  novo  acute  res-
iratory  failure.5 The  decision  to  perform  a  tracheotomy
s  predominantly  based  on  the  anticipated  duration  of
echanical  ventilation.5,46 The  timing  of  tracheotomy  varies
etween  3  days  and  21  days  in  the  different  studies.  The
outine  use  of  bedside  percutaneous  techniques  is  likely  to
ave  contributed  to  anticipating  the  timing  of  tracheotomy.
n  fact,  while  perioperative  complications  are  quite  rare
<2%)  with  both  percutaneous  and  surgical  techniques,47
ercutaneous,  as  opposed  to  surgical  tracheotomy,  reduces
osts,  would-be  infections,  unfavorable  scarring,  and  over-
ll  complications.48 An  expected  intubation  for  more  than  14
ays  is  nowadays  considered  as  reasonable  deadline  for  con-
idering  tracheotomy.  Poor  airway  protective  reﬂexes  and
evere  upper-airway  obstructions  are  additional  reasons  for
racheotomy.46
Though  never  proved  by  large  randomized  controlled
tudies,  the  beneﬁts  ascribed  to  tracheotomy  vs.  prolonged
ranslaryngeal  intubation  include  improved  patient  com-
ort  determining  less  need  for  sedatives,  ease  of  airway
uctioning,  enhanced  mobility  and  speech,  which  may  all
otentially  contribute  to  facilitating  the  process  of  weaning
rom  mechanical  ventilation.  Whether  this  translates  into  an
ncreased  ability  to  transfer  ventilator-dependent  patients
rom  the  ICU  is  not  clear  and  might  actually  vary  from  hos-
ital  to  hospital.  As  a  matter  of  fact,  not  infrequently,  the
oint  in  time  at  which  tracheotomy  is  ﬁrst  considered  corre-
ponds  or  just  slightly  anticipates  the  decision  to  discharge
he  patient  from  the  ICU.
anagement of prolonged weaning beyond ICU
n  principle,  when  the  acute  disorder  which  led  to  admis-
ion  to  ICU  is  reversed  and  clinical  stability  is  achieved,
he  patient  may  be  considered  ready  for  ICU  discharge.  At
hat  point,  while  most  ICU  patients  may  be  transferred  to
 hospital  ward,  some  of  them  who  are  experiencing  pro-
onged  weaning  may  still  be  dependent  on  the  ventilator,
he  tracheotomy,  or  both.  In  fact,  some  patients,  though
uccessfully  extubated,  still  need  NIV  for  several  hours  a
ay;  for  others,  though  successfully  weaned  off  the  venti-
ator,  the  tracheotomy  cannot  be  concomitantly  removed;
n  the  worst  scenario,  invasive  mechanical  ventilation  may
till  be  necessary  for  several  hours  a  day.
(
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atients  dependent  on  non-invasive  ventilation
oninvasive  ventilation  is  increasingly  used  especially,
hough  not  exclusively,  in  patients  with  acute  or  chronic  res-
iratory  failure,  in  order  to  reduce  the  need  for  intubation
nd  invasive  ventilation.49 Some  studies  have  repeatedly
hown  that  noninvasive  ventilation  can  also  facilitate  the
rocess  of  weaning  in  patients  with  underlying  chronic  respi-
atory  disease  and  particularly  those  with  COPD.50--53 While
ost  of  these  patients  undergoing  noninvasive  ventilation
re  successfully  weaned  off  the  ventilator,  some  may  need
o  keep  on  non-invasive  ventilation  for  some  hours/day  for
eeks54 or  on  a  long-term  basis55 to  guarantee  acceptable
alues  of  arterial  blood  gases  and  avoid  repeated  hospital
eadmission.56
atients  dependent  on  tracheotomy
or  patients  who  have  regained  respiratory  autonomy  and
esumed  overall  clinical  stability,  the  removal  of  tra-
heotomy  represents  a  major  objective,  for  reasons  related
o  both  clinical,  i.e.,  increased  risk  of  infections  and  long
erm  complications,  and  social,  i.e.,  negative  impact  on
aily  life  activities  and  relationships.  In  spite  of  these  con-
iderations,  the  few  recommendations  currently  available
re  still  largely  based  on  subjective  criteria  rather  than
n  standardized  protocols.57 Only  one  study  systematically
ddressed  the  problem  of  weaning  from  tracheotomy  in
atients  with  different  underlying  disorders,  such  as  COPD,
ost-surgical  complications,  hypoxemic  respiratory  failure,
euromuscular  diseases,  by  means  of  a relatively  simple
ecisional  ﬂowchart.58 This  was  based  on  a  few  param-
ters  aimed  at  assessing  swallowing  function  and  patient
bility  to  spontaneously  clear  secretions,  after  determin-
ng  patient  capability  of  maintaining  spontaneous  unassisted
reathing.58 By  using  this  simple  decisional  ﬂowchart,  it  was
ossible  to  remove  the  tracheotomy  in  almost  80%  of  the
atients  with  spontaneous  breathing  autonomy.58 A  lower
ate  of  successful  decannulation  was  observed  in  patients
ffected  by  chronic  respiratory  diseases,  and  in  particular
n  those  with  neuromuscular  disorders,  for  whom  a  more
ophisticated  approach  is  likely  to  be  necessary.59
atient  dependent  on  tracheotomy  and  mechanical
entilation
bservational  studies  indicate  that  34--60%  of  patients  in
pecialized  weaning  unit  can  be  weaned  successfully  from
he  ventilator  support.2 These  studies  also  suggest  that  suc-
essful  weaning  can  occur  up  to  3  months  after  admission
o  these  units  and  that  the  transfer  to  a  specialized  unit
oes  not  adversely  affect  long-term  mortality.60,61 The  clin-
cal  outcome  of  patients  requiring  prolonged  mechanical
entilation  is  largely  inﬂuenced  by  the  underlying  disease,
he  chances  to  be  completely  weaned  off  both  ventilator
ssistance  and  tracheotomy  approaching  60%  in  patients
ith  post-operative  (58%)  and  de  novo  respiratory  failure
57%),  and  slightly  exceeding  20%  in  patients  with  COPD  or
euromuscular  disease.62 Also,  the  long-term  survival  rate
fter  successful  weaning  is  worse  in  COPD  than  in  non-COPD
atients.2,63
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In  patients  with  neuromuscular  disorder,  it  is  crucial
to  assess  the  ability  to  clear  secretions.  Bach  et  al.59
showed  that  peak  expiratory  ﬂow  during  cough,  so-called
peak  cough  expiratory  ﬂow  (PCEF)  is  a  better  predictor  of
the  likelihood  of  being  weaned  from  tracheotomy.  A  vari-
ety  of  cough-augmentation  physical  therapies,  alone  or  in
combination,  can  be  used  to  increase  PCEF  and  enhance
cough  efﬁcacy.  While  the  patients  with  weak  expiratory
muscle  strength,  but  relatively  well  preserved  inspiratory
strength,  may  beneﬁt  from  the  abdominal-thrust  maneu-
ver,  also  termed  ‘‘quad  cough’’  or  ‘‘manually  assisted
cough,’’  which  replaces  or  enhances  abdominal  muscle
contraction,  those  who  combine  weakness  of  both  the  inspi-
ratory  and  expiratory  muscles  necessitate,  in  addition  to
manually  assisted  cough,  manual  or  mechanical  forms  of
inspiratory  assistance  (i.e.,  insufﬂation,  air  staking,  glosso-
pharyngeal  breathing,  etc.)  to  increase  the  pre-tussive
volume.
An  increasing  number  of  devices  speciﬁcally  designed  to
assist  an  insufﬁcient  cough  have  been  introduced  for  clini-
cal  use  in  recent  years,  which  apply  to  the  airway  opening
positive  pressure  during  the  inspiratory  phase  and  nega-
tive  (sub-atmospheric)  pressure  during  forced  expiration.64
These  techniques  of  mechanical  cough-augmentation  can  be
successfully  used  with  neuromuscular  patients  through  an
artiﬁcial  airway,  but  an  intact  glottis  function  is  required  for
those  breathing  through  the  native  airway  at  which  cough
assistance  is  applied  by  means  of  an  oro-nasal  mask.  A  pro-
gram  including  periodic  evaluation  of  cough  strength  and
timely  initiation  of  effective  cough-augmentation  therapy
may  dramatically  improve  the  possibility  of  weaning  neuro-
muscular  patients  from  tracheotomy.65
Although  the  combination  of  invasive  mechanical  ven-
tilation  and  tracheal  suctioning  can  be  successfully  used
when  ventilator  assistance  is  also  necessary,  in  neuromuscu-
lar  patients  this  approach  has  been  shown  to  be  associated
with  increased  morbidity.64 The  advent  of  non-invasive  ven-
tilation  NIV  as  a  means  of  supporting  chronic  neuromuscular
respiratory  insufﬁciency  has  spurred  on  the  development  of
noninvasive  cough-augmentation  therapies  to  favor  airway
clearance.  Unfortunately,  the  need  to  support  cough  clear-
ance  has  not  been  properly  addressed;  indeed,  guidelines
for  the  management  of  a  weak  cough  did  not  exist  until
relatively  recently.64
Specialized weaning units
Deﬁnition
There  is  no  uniform,  widely  recognized  deﬁnition  for
‘‘specialized  weaning  units’’,  and  confusion  can  arise,  as
for  the  term  ‘‘weaning’’,  from  imprecise  language.  Gener-
ally  speaking,  these  units  are  protected  environments  for
the  treatment  of  patients  requiring  prolonged  mechanical
ventilation.  As  mentioned  by  Nava  &  Vitacca  in  a  dedi-
cated  book  chapter,  several  terms  are  used  to  characterize
these  units,  such  as  long-term  acute-care  facilities,  res-
piratory  special  care  units,  chronic  ventilator-dependent
units,  regional  weaning  centers,  ventilator-dependent
rehabilitation  hospitals,  prolonged  respiratory-care  units,
non-invasive  respiratory-care  units,  high-dependency  units,
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nd  respiratory  intensive-care  units.8 Beyond  the  terminol-
gy,  remarkable  differences  exist  among  units,  which  are
rimarily,  though  not  exclusively,  a  consequence  of  the  dif-
erent  healthcare  systems  and  reimbursements,  varying  not
nly  from  country  to  country,  but  also  often  from  region  to
egion,  and  not  infrequently  from  town  to  town.2,8 A  help-
ul  approach  to  this  problem  has  been  provided  by  Nava  &
itacca  who  classiﬁed,  depending  on  the  type  of  location,
eaning  units  into  two  categories,  step-down  units  sited
ithin  acute  care  hospitals,  and  Weaning  Centers  serving
ifferent  acute  care  hospitals  in  dedicated  areas.8 While
he  former,  with  organization  and  stafﬁng  closer  to  ICUs
ay  often  result  in  not  being  able  to  meet  the  needs  of
hese  patients  beyond  their  clinical  problems,  the  latter
equire  a  proper  environment  and  a  dedicated  and  compo-
ite  organization.25
ationale
eaning  from  prolonged  mechanical  ventilation  is  a  complex
nd  time-consuming  process  covering  several  procedures.
uick  patient  turnover,  high  workloads  for  the  staff,  need  for
ontinuous  monitoring  and  treatment,  and,  in  some  coun-
ries,  paucity  of  ICU  beds,  make  ICUs  in  appropriate  for
anaging  patients  with  prolonged  weaning,  requiring  care
ith  dedicated  personnel,  which  is  often  not  available  in
he  ICU.66 In  addition,  prolonging  the  ICU  stay  may  have
etrimental  consequences  on  the  psychological  and  cogni-
ive  function,  which  may  further  complicate  and  protract
he  weaning  process  and  affect  patient  outcomes.67,68
It  has  been  shown  that  a  substantial  proportion  of
atients,  not  ready  to  be  separated  from  the  ventilator  at
CU  discharge  can  be  weaned  off  the  ventilator  soon  after
dmission  to  a  specialized  weaning  unit,  which  suggests  that
iscontinuation  of  mechanical  ventilation  was  not  a  priority
or  the  referring  ICUs.69,70
In  a  retrospective  study  including  more  than  400  ICU
atients  who  had  undergone  tracheostomy  and  prolonged
echanical  ventilation  following  an  episode  of  acute  respi-
atory  failure,  the  rate  of  survivors  successfully  weaned  at
he  time  of  ICU  discharge  was  less  than  60%.71 The  patients
ho  were  weaned  off  both  ventilator  and  tracheotomy  had
etter  survival  rates  than  those  who  did  not.  This  improved
urvival,  however,  came  at  higher  hospital  costs  secondary
o  longer  ICU  stay,  which  indicates  that  the  balance  between
utcome  and  economic  burden  represents  a  major  problem
hen  treating  patients  with  prolonged  weaning  exclusively
n  ICU.71 One  controlled  study  compared  outcomes  and  costs
f  patients  with  prolonged  weaning  assigned  to  either  ICU
r  weaning  unit.  The  rates  of  mortality  were  no  different
etween  the  two  groups,  but  readmissions  were  fewer,  hos-
ital  lengths  of  stay  shorter,  and  costs  lower  for  the  patients
eaned  in  the  specialized  unit.60
In  point  of  fact,  patients  who  are  no  longer  in  the  acute
hase,  but  are  not  fully  weaned,  may  beneﬁt  from  the
ischarge  to  specialized  units.  These  units  offer  several
dvantages,  including  an  environment  with  reduced  noise
nd  night-time  light  favoring  the  return  to  more  physiolog-
cal  circadian  rhythms  and  better  sleep,  open  visiting  hours
o  allow  unrestricted  visits  by  relatives  and  friends,  easier
ccess  to  personal  belongings,  such  as  books,  computers,
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ablets,  TV,  music  players,  and  so  on.72,73 The  management
f  these  individuals  generally  involves  more  than  just  exper-
ise  in  mechanical  ventilation,  but  rather  an  integrated
pproach  with  harmonized  procedures  conducted  by  a  mul-
idisciplinary  team.
Beside  any  other  consideration,  a  weaning  unit  should
lso  represent  a  cost-effective  alternative  to  the  ICU  for
he  management  of  patients  with  prolonged  weaning.25
tafﬁng
he  components  of  this  team  should  be  physicians,  nurses
nd  respiratory  therapists  or  physiotherapists  capable  of
roviding  comprehensive  respiratory  care.  While  one  physi-
ian  should  be  present  around  the  clock,  the  therapists  need
ot  be  present  overnight.  The  nurse--patient  ratio  should
ange  between  1:4  and  1:8  depending  on  the  time  of  the  day.
verall,  the  skills  must  encompass  invasive  and  noninvasive
echanical  ventilation,  suctioning,  tracheotomy  manage-
ent,  and  chest  physiotherapy  including  cough  assistance
echniques.  Physical  therapists,  occupational  therapists,  for
aily  living  activities,  speech  therapists,  for  evaluation  and
reatment  of  swallowing  dysfunctions,  and  nutritionists,  to
ptimize  calories  and  proteins  administration,  should  also  be
art  of  the  team.  Psychology  and  social  services  should  be
lso  available  for  patient  and  family  evaluation,  education
nd  counseling.
Understafﬁng  is  one  of  the  major  determinants  of  a  sub-
ptimal  or  ineffective  or  even  harmful  weaning  unit,  and
hould  deﬁnitely  be  avoided  when  building  up  an  accredited
ffective  unit.25
dmission  and  discharge  criteria
lthough  it  is  advisable  for  a  weaning  unit  to  deﬁne  and
pply  admission  criteria,  these  cannot  be  generalized  and
epend  on  the  characteristics  of  each  speciﬁc  unit.  While,
he  possibility  of  promptly  assessing  arterial  blood  gases  and
aving  daily  access  to  chest  X-ray  and  routine  blood  exam-
nation  represent  the  minimum  standard  for  a  specialized
nit,  other  facilities  may  enhance  the  possibility  of  accept-
ng  patients  with  higher  levels  of  clinical  complexity.  Most
eaning  units  that  are  located  outside  acute-care  hospi-
als,  however,  clearly  cannot  offer  sophisticated  diagnostic
rocedures  and  treatments.
The  patients  admitted  should  obviously  be  dependent  on
entilator  assistance,  or  need  an  artiﬁcial  airway,  or  both.74
t  is  worth  remembering  that  prolonged  weaning  is  deﬁned
y  more  than  three  previously  failed  SBTs  or  at  least  7
ays  from  the  ﬁrst  attempt  of  SBT.2 Several  units  include  in
he  admission  criteria  for  invasively  ventilated  patients  the
resence  of  a  tracheotomy,  to  avoid  the  risk  of  emergency
aneuvers  consequent  to  the  need  to  change  an  obstructed
ndotracheal  tube.  Some  units  require  the  proposing  physi-
ian  to  provide  a  written  statement  that  the  patient  has  the
otential  to  be  weaned  from  the  ventilator  or  to  return  to
er/his  community  under  ventilator  assistance.75The  team  should  work  with  the  patient  and  the  family  to
eﬁne  short  and  long  term  goals  leading  to  ﬁnal  discharge
ome.25 If,  based  on  objective  data,  the  whole  team  con-
ider  additional  weaning  attempts  to  be  worthless,  these
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hould  be  interrupted  to  avoid  further  frustration,  anxiety
nd  depression,  and  patient  and  family  promptly  and  clearly
nformed.  When  everyone  involved  in  the  process,  i.e.,  the
eam,  the  patient  and  the  family,  agree  on  the  futility  of
ursuing  the  weaning  efforts,  the  primary  goal  becomes
he  setting  up  of  the  best  possible  discharge  program,  in
hich  complexity  will  clearly  depend  on  the  level  of  patient
ependence.  Of  course,  it  is  much  more  complex  to  dis-
harge  a tracheotomized  patient  on  full  ventilator  support
round  the  clock,  rather  than  a  patient  on  nocturnal  non-
nvasive  ventilation.  Once  it  has  been  established  that  the
atient’s  clinical  condition,  motivation  and  home  environ-
ent  are  suitable  for  undertaking  a  long-term  domiciliary
entilation  program,  several  logistical  aspects  remain  to  be
arefully  considered  and  addressed  with  respect  to  both  the
are  givers  and  the  equipment.25,74
ummary
eaning  failure  is  commonly  understood  to  be  an  incapac-
ty  to  successfully  pass  the  SBT,  while  extubation  failure  is
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